Received 25 May 1989/Accepted 11 September 1989 The strong bizonal hemolysis on blood agar and the positive CAMP reaction with Rhodococcus equi denotes the production of two different cytolytic factors by Listeria ivanovii. One was characterized as a thiol-activated (SH) cytolysin of 61 kilodaltons and was termed ivanolysin 0 (ILO) since data suggested that it is different from listeriolysin 0, the SH-cytolysin produced by Listeria monocytogenes. The other is a 27-kilodalton hemolytic sphingomyelinase C that was found to be the cytolytic factor responsible for the halo of incomplete hemolysis synergistically enhanced by R. equi exosubstances. When thiol-disulfide exchange affinity chromatography and gel filtration were applied to the purification of ILO from concentrated L. ivanovii culture supernatants, the copurification of the two cytolysins was observed. This phenomenon seems to be due to the formation of intermolecular disulfide bonds between ILO and the sphingomyelinase, since the latter was found to contain free SH groups, not essential for the activity. These SH groups could react with the single cysteine residue characteristically present in the SH-cytolysins, forming a dimeric cytolytic complex. The purification of ILO was achieved by a further gel filtration with a reducing agent (dithiothreitol) in the eluent. A method for the purification of the sphingomyelinase based on selective sequestration of ILO from the L. ivanovii concentrated culture supernatant by the SH cytolysin target molecule cholesterol and thiol-disulfide affinity chromatography is described.
The non-spore-forming gram-positive bacterium Listeria ivanovii was isolated for the first time in 1955 by I. Ivanov from abortions and perinatal infections of sheep (13) . It is, together with Listeria monocytogenes, the causative agent of listeriosis. However, unlike L. monocytogenes, L. ivanovii predominantly infects animals (human infection is very rare), especially ovine species, in which it results in abortions (neonatal sepsis and enteritis have also been observed) but not meningitis or encephalitis (6, 13, (28) (29) (30) . The bacterium has also been isolated from healthy carriers and from the environment (29) . Until 1984, L. ivanovii was classified as "L. monocytogenes serovar 5" strains. However, some sharply distinctive phenotypic characters, i.e., the homogeneous 0-antigenic composition patterns (all the strains described belong specifically to serovar 5) and the strong hemolytic activity, as well as intrageneric DNA relatedness studies, led to the establishment of an independent species for these strains (14, 26, (28) (29) (30) .
As mentioned above, L. ivanovii displays a characteristic strong hemolysis when grown on sheep blood agar, in contrast to that produced by L. monocytogenes, which is so weak that it is frequently difficult to interpret (7) . The hemolytic effect of L. ivanovii is often bizonal (5, 6, 28, 30, 31) , with a zone of complete hemolysis around the colonies surrounded by a ring of incomplete hemolysis that develops with time ( Fig. 1) . In the vicinity of a culture of Rhodococcus equi the latter is totally hemolyzed (30, 31) , giving a typical shovel-shaped lytic phenomenon (positive CAMP test with R. equi), which is considered a fundamental criterion for the * Corresponding author. identification of L. ivanovii (14, (27) (28) (29) (30) . These observations suggest that L. ivanovii produces at least two different cytolytic factors with different diffusibilities, probably depending on differences in molecular mass. However, only one cytolysin has been identified to date. Preliminary studies on the characterization of the hemolytic activity of L. ivanovii associated it with the secretion of a heat-labile protein of 67 kilodaltons (kDa) inhibited by cholesterol (30) . Further studies on the cytolysin isolated from target erythrocyte membranes showed that it is a 55-to 60-kDa streptolysin 0 (SLO)-related toxin (thiol-activated [SH] cytolysin) (23) . However, the secretion of this kind of cytolysin, in accordance with these known to date (1, 4, 20, 32) , does not explain the bizonal hemolysis and the positive CAMP reaction with R. equi. These phenomena more likely associated with the production of other membrane-damaging substances, such as phospholipases (3, 20) . This assumption correlates with the fact that L. ivanovii gives a positive reaction on egg yolk agar (25, 28, 30) .
As a first step in research on virulence factors of L. ivanovii, we undertook the study of the cytolysin(s) of this bacterium. In this paper we show that L. ivanovii, like other gram-positive bacilli, e.g., Clostridium perfringens (33, 36) and Bacillus cereus (12) , produces a thiol-activated toxin Concentrated culture supernatants (CCS). Listeria strains were grown in 300 ml of brain heart infusion (Difco Laboratories) at 37°C for 18 h with shaking (100 rpm). These cultures were used to seed 9 liters of the same medium. After 18 h of incubation under the same conditions, the cells were harvested by centrifugation (12,000 x g for 30 min), and the supernatant was concentrated to 300 ml by ultrafiltration through 10-kDa exclusion limit membranes (Pellicon apparatus; Millipore Corp.). R. equi CCS (100 ml) was obtained by the same method, with different cultivation conditions (3 liters of brain heart infusion was inoculated with a 50-ml culture and incubated statically at 37°C for 48 h).
Purification of ivanolysin 0 (ILO). Selective purification of ILO from the L. ivanovii CCS (65 ml) by thiol-disulfide exchange affinity chromatography was performed on Thiopropyl-Sepharose 6B (Pharmacia) essentially as described previously (11) . The starting buffer was 0.05 M phosphatebuffered saline (pH 6.5) containing 0.02% sodium azide (PBS). Selective elution of thiol-containing material was performed with 10 mM dithiothreitol (DTT) in PBS. The eluted hemolytic fractions were concentrated to 12 ml by ultrafiltration with a 10-kDa exclusion limit (Amicon stirred cell with YM-10 membrane), and after ultracentrifugation (90,000 x g for 60 min) they were gel filtered through 20-to 350-kDa fractionation range Ultrogel AcA 34 (LKB Instruments, Inc.) in PBS (100-by 2.6-cm column) with a flow rate of 15 to 20 ml/h. Fractions (5 ml) presenting high hemolytic activity (over 512 complete hemolysis units [CHU] ) were pooled and concentrated, as mentioned above, to 4 ml, made to contain 5 mM DTT, and finally subjected to molecular sieving on a 5-to 250-kDa fractionation range Sephacryl S-200 Superfine column (Pharmacia) (60-by 1.6-cm column) with 2.5 mM DTT-PBS as the eluent and a flow rate of 10 ml/h. Fractions with high specific hemolytic activity were concentrated to 2.5 ml as described above. All steps were performed at 4°C.
SH-cytolysin selective sequestration by cholesterol and isolation of cholesterol-SH-cytolysin complexes (C/Cly). Isolation and purification of the CAMP (R. equi) factor of L. ivanovii (sphingomyelinase C). For preliminary isolation of this cytolytic factor, 15 ml of the L. ivanovii CCS was subjected to molecular sieving in the Ultrogel AcA 34 column as described above. Fractions of 5 ml were collected and tested for hemolytic activity before and after exposure to 20 mM L-cysteine (Sigma Chemical Co.) for 15 min at 37°C. Fractions were also tested for synergistic hemolysis with R. equi exosubstances, and those showing increases of the hemolytic titer were pooled (50 ml), concentrated (3.5 ml) as described above, and tested by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Purification of the L. ivanovii CAMP (R. equi) factor was carried out as follows: 5 ml of the L. ivanovii CCS was centrifuged (25,000 x g for 30 min) to eliminate insoluble material and exposed to 5 mM DTT, after which the SHcytolysin cholesterol sequestration treatment was performed to eliminate ILO. The resultant ILO-devoid CCS (as determined by SDS-PAGE and Western [immuno-] blot [see Fig.  3 , part 1, and 4]) was subjected to molecular sieving on a Sephacryl S-200 column as described above with 2.5 mM DTT in the eluent. Fractions of 3 ml were collected, and those showing hemolytic activity were pooled (25 ml), concentrated to 3.5 ml by ultrafiltration as mentioned above, diafiltered against PBS through 10-kDa exclusion limit membranes to eliminate excess DTT, and subjected to thioldisulfide exchange affinity chromatography in a ThiopropylSepharose 6B column (a Pasteur pipette filled with 3 ml of gel, corresponding to 0.8 g of freeze-dried powder). After elution with 10 mM DTT in PBS (25 ml), the SH-reactive fractions which showed the main hemolytic activity (synergistically enhanced by R. equi exosubstances) were concentrated to 1 ml and gel filtered on a Sephadex G-75 Superfine column.
Hemolytic activity determinations. Samples to be tested were diluted twofold in 50 ,ul of PBS in a V-form microtiter plate. To each dilution, 50 ,ul of a 1% suspension of washed sheep erythrocytes in the same buffer was added, and after 1 h of incubation at 37°C the titers were recorded as CHU (7) . For the determination of the optimal pH for hemolytic activity, the sample was diluted twofold in 50 ,u1 of 0.1 M PBS adjusted to the desired pH; to each dilution, 40 ,u1 of the same PBS and 10 ,u1 of a 5% erythrocyte suspension in 0.05 VOL. 57, 1989 on February 22, 2014 by guest http://iai.asm.org/ Downloaded from M PBS (pH 7) was added (to protect erythrocytes from extreme pH stress). Titration of the hemolytic activity with R. equi crude exosubstances was performed by using a 1% sheep erythrocytes suspension previously exposed (for 15 min at 37°C) to R. equi CCS (10 activity units per ml of erythrocyte suspension). Alternatively, synergistic hemolysis was also determined by adding 25 pl of R. equi CCS (25 activity units) to the titration mixtures. R. equi factor (the R. equi exosubstance responsible for synergistic hemolysis [3, 31] ) activity units were determined by the hemolytic synergy with crude P-hemolysin from Staphylococcus aureus CIP 5710 as previously described (31) .
Whole-cell extracts. Some of the L. ivanovii harvested cells (see above) were washed twice in PBS, mixed with glass beads (0.17 to 0.18 mm in diameter), and disrupted with a Braun type 853032 apparatus (10 min of discontinuous treatment at 0°C). The homogenate was extracted with 100 ml of PBS and centrifuged twice (25,000 x g for 30 min and 90,000 x g for 60 min) to eliminate cell debris. The supematant was precipitated with ammonium sulfate to 65% saturation, and after centrifugation (25,000 x g for 30 min) the pellet was suspended in 10 ml PBS and dialyzed.
Phospholipase activity determinations. The phospholipase activity was determined by previously described methods (3) . Substrates (sphingomyelin, phosphatidylcholine, and phosphatidylglycerol) (Sigma) solubilized in chloroform Antisera. Specific Listeria SH-cytolysin antisera were produced as described elsewhere (Vazquez-Boland et al., in press) by immunizing rabbits with C/Cly from L. monocytogenes SLCC 2371 (NCTC 7973) and L. ivanovii SLCC 2379 (ATCC 19119) . The C/Cly were obtained as described previously by adding 2 ml of the cholesterol solution to 20 ml of ultracentrifuged (90,000 x g for 60 min) CCS diluted in an equal volume of PBS containing 20 mM L-cysteine (final concentration of cholesterol, 500 pxg/ml). The C/Cly were washed thrice in PBS, and the final pellet was suspended in 20 ml of PBS and tested by SDS-PAGE to determine the presence of the SH-cytolysin (see Fig. 6 ). New Zealand White female rabbits (2 months old) received three intravenous injections of 1 ml of the C/Cly suspension with 10-day intervals, and 7 days after the final inoculation they were bled. The sera were tested by SDS-PAGE and Western blotting, using as positive controls previously described (10, 11) hyperimmune horse anti-SLO sera (no. 94 and 525).
SDS-PAGE and Western blot analysis. SDS-PAGE was performed by the method of Laemmli (19) , with 3% stacking and 15% resolution acrylamide slab gels. Proteins were detected with Coomassie brilliant blue R-250. After SDS-PAGE, the proteins were electrotransferred as described previously (35) 106 CHU in 65 ml of L. ivanovii CCS with a specific activity of 27,300 CHU/mg was subjected to thiol-disulfide exchange affinity chromatography. Retained and selectively eluted (with 10 mM DTT) fractions were concentrated, ultracentrifuged (112,027 CHU/mg), and subjected to two gel filtration steps. The final concentrated fractions (2.5 ml) presented a total hemolytic activity of 0.65 x 106 CHU with a specific activity of 2.62 x 106 CHU/mg, a result similar to that obtained by other authors for LLO (11) . Since the total hemolytic activity not retained after thiol-disulfide exchange affinity chromatography was 5.16 x 106 CHU, 19.34% recovery was obtained.
When analyzed by SDS-PAGE, the 10 mM DTT-eluted hemolytic fractions from the thiopropyl-Sepharose 6B column showed two main bands; one was a 61-kDa protein, and the other was a 27-kDa protein that appeared to be predominant. These bands corresponded to the two major proteins present in the L. ivanovii CCS (Fig. 2 and 3-1) . Interestingly, the 27-kDa molecule was absent from the L. monocytogenes CCS (not shown), indicating that it is specifically produced by L. ivanovii. After the first gel-filtration step, the two proteins still copurified, suggesting some kind of molecular interaction in the absence of the denaturing conditions of the SDS-PAGE technique (i.e., SDS, ,-mercaptoethanol, and heating) (Fig. 2) . The same results were also obtained recently by other authors who tried to purify the L. ivanovii SH-cytolysin by the same method, but they could not attribute any function to the 27-kDa molecule (or 24 kDa, as they described it; repeated determinations performed by us indicate that the molecular mass of this protein is indeed 27 kDa [26.92 + 1.15]) and did not find any explanation for the copurification mechanism (18) . These findings led us to think about the possible presence of free SH groups in the 27-kDa molecule that would react, forming disulfide bonds, with those of the thiolated gel or with the cysteine residue of the SH-cytolysin. Therefore, 2.5 mM DTT was added to the eluent in the second gel filtration step with Sephacryl S-200; in this case, the separation of the two proteins was achieved, and a single band of 61 kDa was obtained (Fig. 2) .
The hemolytic activity of this purified fraction was suppressed by exposure to 10 mM HgCl2 (37°C for 15 min), after which it was partially restored by treatment with 20 mM L-cysteine (37°C for 15 min). Irreversible inactivation followed exposure to cholesterol (20 ,ul/ml of the 10-mg/ml cholesterol solution in absolute ethanol; 37°C for 15 min). On the other hand, Western blot analysis revealed antigenic relationships between the L. ivanovii 61-kDa protein and other SH-cytolysins (LLO and SLO) (Fig. 4 and 5) , as well as alveolysin (from Bacillus alvei) and perfringolysin 0 (from C. perfringens) (not shown). These results demonstrated that this protein is a SH-cytolysin, since they fulfilled all the reported characteristics of this kind of toxin (1, 4, 10, 32). As mentioned above, the L. ivanovii SH-cytolysin was partially purified and characterized by other authors (18) , being described as a 58-kDa protein with an optimal pH for hemolytic activity of 5.5, the same reported for the toxin produced by L. monocytogenes (10) ; therefore, it was identified as LLO (18) . However, several things suggested that this SH-cytolysin is related to but different from LLO: (i) no hybridization of L. ivanovii DNA was detected in a probe using an internal HindIII 0.65-kilobase fragment of the LLO cloned gene (21) ; (ii) the optimal pH for activity of the L. ivanovii SH-cytolysin, determined with the purified toxin obtained in our experiment (diluted to 103 CHU in reduced state), was found to be 6.5 instead of 5.5 (activity was expressed between pH 4 and 8.5), in contrast with the optimal pH and the pH range of activity of LLO (undetectable activity at pH 7) (10). Moreover, in spite of the fact that ILO and LLO present apparently the same mobility in SDS-PAGE with a 15% acrylamide separation gel, slight differences in the migration-of the two cytolysins could be observed when the acrylamide concentration was reduced to 7.5% (LLO seems to be slightly lower [0.5 to 1 kDa] in molecular mass [Fig. 6] fact that the cholesterol treatment was repeated. This activity, which was expressed only after at least 30 min of incubation (unlike SH-cytolysin activity, which was expressed almost immediately), was enhanced (reaching 256 CHU) when R. equi exosubstances were present in hemolytic activity titrations and was not significantly affected by exposure to 10 mM HgCl2. This result reflected the presence of a CAMP (R. equi)-reactive cytolytic factor different from ILO in the L. ivanovii CCS. SDS-PAGE and Western blot analysis demonstrated the absence of the SH-cytolysin band in the L. ivanovii (and L. monocytogenes) CCS after cholesterol treatment. These proteins were present in the C/Cly. In contrast, the 27-kDa specific second major protein of L. ivanovii remained unaffected in the CCS after cholesterol treatment and was not observed in the C/Cly (Fig. 2-4 ). This finding suggested that the 27-kDa protein might be the L. ivanovii cytolytic factor involved in the CAMP phenomenon with R. equi. Isolation, purification, and characterization of the L. ivanovii CAMP (R. equi) factor (sphingomyelinase C). The presence of a second cytolysin different from ILO was also suggested by a gel filtration experiment performed with the L. ivanovii CCS (not previously activated by cysteine). Two kinds of hemolytic fractions were obtained: ones with high activity that was markedly enhanced by cysteine treatment but not by R. equi exosubstances, and others, corresponding to lower molecular masses, with a weak hemolytic activity that was clearly enhanced by R. equi exosubstances but not by cysteine treatment (Fig. 3) . When concentrated separately, SDS-PAGE analysis of the former fractions revealed the presence of the 61-kDa ILO and the 27-kDa protein; in contrast, the latter fractions appeared to be composed predominantly of the 27-kDa protein, the 61-kDa ILO not being detected (Fig. 3) . These results, which agreed with our previous observations, led us to try the purification and characterization of the 27-kDa protein.
Since the 27-kDa molecules did not attach to cholesterol, a first step in the purification procedure consisted of ILO extraction by the cholesterol-binding method. Afterwards, the ILO-devoid L. ivanovii CCS was gel filtered. The hemolytic fractions obtained, which showed enhancement of the activity with R. equi exosubstances, consisted mainly of the 27-kDa protein (Fig. 2) . On the basis of the fact that this protein copurified with ILO by thiol-disulfide exchange affinity chromatography, presumably because of the presence of SH groups in the molecule, we chromatographed the hemolytic fractions in a thiopropyl-Sepharose 6B column. The 27-kDa protein was retained in the column and subsequently eluted with 10 mM DTT, this fact demonstrating that it contains reactive SH groups (Fig. 2) . The observation that hemolytic fractions showing almost exclusively a 27-kDa protein by SDS-PAGE displayed, in contrast, two evident closely migrating bands by conventional (nondenaturing) PAGE (Fig. 3) , a phenomenon that has been related to differences in the net charge of the same molecular species depending on the oxidized or reduced state of the sulfhydryl groups (32) , is consistent with this result. This step led to the obtaining of a hemolytic fraction composed predominantly of the 27-kDa molecules, contaminated with a few other proteins (weak bands corresponding to molecular masses of over 40 kDa). The final purification step (gel filtration on Sephadex G-75) allowed us to obtain a hemolytic fraction showing a single band of 27 kDa (Fig. 2) , which reproduced the CAMP synergistic hemolysis phenomenon when confronted with the R. equi CCS in a double diffusion assay on sheep erythrocyte agar (Fig. 1) . The cholesterol-independent character and the absence of antigenic relatedness with LLO ( Fig. 4 and 5) indicated that the L. ivanovii 27-kDa protein responsible for the incomplete hemolysis produced by this species on blood agar and for the CAMP reaction with R. equi is a cytolysin functionally and structurally unrelated to SH-toxins. Taking into consideration previous reports indicating the presence of phospholipase C activity in L. ivanovii culture supernatants (E. Mencikova, Abstr. 10th Int. Symp. Listeriosis, Pecs, Hungary, p. 46, 1988), we investigated the effect of this cytolytic factor on different phospholipids (sphingomyelin phosphatidylcholine, and phosphatidylglycerol). Our results demonstrated that it is a phospholipase with substrate specificity for sphingomyelin (0.4 CHU, measured without R. equi interaction, hydrolyzed to an undetectable level of 0.15 mg of sphingomyelin [-0.2 ,umol] figure. conditions used, lecithinase activity was not detected (Fig.  7) . Our results are in accordance with those recently reported by other authors which demonstrated a pronounced sphingomyelinase activity in L. ivanovii culture supernatants (18); these authors also described a weak and slow lecithinase activity (detectable only after 16 h of incubation) (18) , an observation that is in accordance with the L. ivanovii longterm positive reaction on egg yolk agar (observed after 14 days of incubation [25] and not after 3 days [6] ). The presence of a 27-kDa sphingomyelinase C in L. ivanovii agrees with the reported results on the molecular characterization of other bacterial phospholipases (22) . In this sense, the S. aureus sphingomyelinase C (a-toxin) and the B. cereus sphingomyelinase have about the same molecular masses (12, 22, 34) . On the other hand, the C. perfringens a-toxin, displaying both sphingomyelinase and lecithinase C activity, has a mass of about 43 kDa (33) , nearly the sum of the reported sizes of the native phospholipase C and sphingomyelinase of the phylogenetically very close B. cereus (12) .
The L. ivanovii sphingomyelinase is hemolytic, this fact indicating that it is able to interact with cell membrane sphingomyelin, resulting in membrane damage. As shown above, this damage is remarkably favored by the presence of R. equi exosubstances. Since the R. equi factor involved in this synergistic hemolysis is unknown, the mechanism of the cooperative action between the L. ivanovii sphingomyelinase and the R. equi CAMP factor remains to be determined. In this sense, it should be noted that R. equi produces a nonhemolytic phospholipase C and a cholesterol-oxidase that were found to be responsible for the synergistic hemolysis with Corynebacterium ovis (3, 20) . These R. equi enzymes could be involved as well in the CAMP reaction with the L. ivanovii sphingomyelinase. This correlates with the fact that the nonhemolytic C. ovis sphingomyelinase D taking part in the synergistic hemolysis with R. equi also interacts with the L. ivanovii sphingomyelinase, inhibiting the partial hemolysis zone induced by it when previously incubated with erythrocytes (E. Mencikova, 10th Int. Symp. Listeriosis). However, a nonenzymatic mechanism of the R. equi CAMP factor, like that of the CAMP protein of Streptococcus agalactiae or that of renalin from Corynebacterium renale (2), should not be discounted.
In order to determine the contribution of the SH groups detected in the L. ivanovii sphingomyelinase to the activity, reaction mixtures were prepared with the enzyme previously exposed (for 15 min at 37°C) to the SH-group reagents N-ethylmaleimide, iodoacetamide, and HgCl2 (5 mM). The SH-blocking treatment did not impair the sphingomyelinase activity (Fig. 7) , a result indicating that SH groups seem not to be essential for the function of this molecule. This suggests that the cysteine residues are not directly involved in the conformation of the functionally active sites of the sphingomyelinase (e.g., by the establishment of intramolecular disulfide bridges), being more likely present as a single cysteine in a region without functional significance. This point of view agrees with recently reported results, based on gene sequence data, showing that the alpha-toxin (phospholipase C) from C. perfringens, a species also producing an SH-cytolysin (perfringolysin 0 or theta-toxin) (36) and belonging to a genus closely related to Listeria, contains a unique cysteine residue (33) . On the other hand, it has been demonstrated that the SH-cytolysins SLO (Streptococcus pyogenes), pneumolysin (Streptococcus pneumoniae), perfringolysin 0, and LLO contain a unique cysteine residue located in a highly conserved undecapeptide at the carboxyterminal region (17, 21, 36, 37) , this fact allowing the assumption that this is the case for ILO, in accordance with the close structural and functional homologies of these toxins (1, 4, 10, 17, 21, 32, 36, 37) . Therefore, taking into account the experimental evidence obtained, the copurification of the sphingomyelinase and ILO would most likely be due to the formation of sphingomyelinase-ILO dimers by the establishment of intermolecular disulfide bonds between their respective putative single cysteine residues. Molecular cloning and sequence determination studies of the 27-kDa L. ivanovii sphingomyelinase gene, which are in progress, will provide confirmation for these statements.
In conclusion, our results demonstrate that L. ivanovii secretes two cytolysins: a thiol-activated toxin (ILO) and a sphingomyelinase C. Taking into consideration the close relationship between hemolytic activity and pathogenicity in the genus Listeria (9, 16, 21, 28, 31) , it can be speculated that ILO and the sphingomyelinase would play a crucial role in the virulence of L. ivanovii. In this sense, it was determined by a genetic approach that the SH-cytolysin produced by L. monocytogenes (LLO) seems to be the major virulence factor of this bacterium (9, 16, 21) , promoting intracellular growth (8) . On the other hand, phospholipases, such as the C. perfringens alpha-toxin, are also known to play a key role in the pathogenesis of infections (33 (29) and which seems to selectively affect pregnant ewes (6, 13, 29) , is a question to be investigated.
Other results. Interestingly, anti-ILO recognized not only the 61-kDa ILO band but also that of the 27-kDa sphingomyelinase in L. ivanovii CCS and derived samples in Western blot analysis (Fig. 5) . However, the sphingomyelinase appeared to be antigenically unrelated to SH-cytolysins, in accordance with the results obtained with anti-LLO immunoblots, which failed to recognize the 27-kDa protein (Fig. 4  and 5 (24) . In this sense, it should also be noted that postsecretion proteolytic cleavage in SH-cytolysins (e.g., SLO) has been described (17) . Furthermore, the 27-kDa sphingomyelinase was not detected by anti-ILO in the L. ivanovii cell extract immunoblots, a 39-kDa reactive band that was not observed in the CCS immunoblots being recognized instead (Fig. 5) . These results suggest that the 39-kDa antigen might be an intracellular precursor of the 27-kDa extracellular form of the L. ivanovii sphingomyelinase that is inactive, in accordance with the lack of sphingomyelinase activity in the whole-cell extract (Fig. 7) . Further studies on these aspects are in progress.
